Introduction The advancement of minimal invasive techniques pushed the age limit for patients qualified for bariatric surgery. Aim The aim of the study was to evaluate the safety and effectiveness of laparoscopic sleeve gastrectomy (LSG) in a cohort of patients aged 60 years or more, compared with a group of matched controls below 40 years old. Methods The medical records of 856 patients were analyzed. Patients aged 60 years or older were identified as cases. Those below 40 years were identified as the controls. Cases were closely matched (1:1) with the controls by body mass index (BMI) (± 1 kg/m 2 ) and presence or absence of hypertension and diabetes mellitus. Results A 34 matched pairs were included in the study. There was no significant difference in the median operation length. No conversion from laparoscopic to open surgery was needed. The hospital length of stay was significantly longer in the study group (4.5 ± 1.9 vs 3.9 ± 1.5 days, p = 0.047). The complication, 30-day reoperation, and 30-day reoperation rates were comparable in both groups. There were no 30-day readmissions nor 30-day mortality. ΔBMI after 12 months was significantly lower in the study group (13.56 ± 6.05 vs 10.3 ± 4.89, p = 0.008) as well as %EBMIL (50.71 ± 25.94 vs 64.20 ± 23.29, p = 0.015). Conclusions The study suggests that LSG is a safe method of bariatric treatment in patients aged above 60 years. Even though weight loss may be lesser than in younger patients, it can still be considered satisfactory.
Introduction
The continued development of medical care has significantly increased the life expectancy over the last decades. In the United States (U.S.), the life expectancy has reached a new maximum of 77.8 years. [1, 2] The prevalence of obesity in the elderly population continues to increase, with the proportion of the U.S. population aged 65 years or older predicted to rise from 12% in 2000 to 20% in 2030 [3, 4] . In elderly adults, excess weight is associated with a higher prevalence of numerous chronic health conditions and lowers the quality of life. Bariatric surgery is the most effective and permanent treatment of morbid obesity, not only weight-reducing, but also treating the obesity-related comorbidities. [5] The effectiveness of the bariatric surgery has led to a significant increase of its popularity, especially of laparoscopic sleeve gastrectomy. Along with the advancement of minimal invasive techniques, the age limit for patients qualified to bariatric operations constantly increases, presently exceeding 60 years [6] [7] [8] [9] . Despite evident clinical benefit of bariatric surgical treatment, the question of the cut-off age remains unanswered, as the risk of perioperative morbidity and mortality is an important issue with the bariatric patients.
Aim
The aim of the study was to evaluate the safety and effectiveness of laparoscopic sleeve gastrectomy (LSG) in a cohort of patients aged 60 years or more, compared with a group of matched controls below 40 years old.
Methods

Study Design
The medical records of 856 patients were analyzed. All patients underwent laparoscopic sleeve gastrectomy as a primary bariatric procedure between January 2013 and March 2017 in a single bariatric center (over 300 laparoscopic bariatric procedures annually). The patients were qualified for the operation using standard criteria, established in 1991 by the National Institutes of Health (NIH). [10] The LSG technique was described in previous publications. [11] [12] [13] Patients aged 60 years or older were identified as cases. Four hundred and eighteen patients below 40 years were identified as the controls. The cases were matched with the controls by body mass index (BMI) (± 1 kg/m 2 ) and presence or absence of hypertension and diabetes mellitus. A control subject was selected for each patient aged 60 years or above using algorithm described by Kawabata (1:1 matching procedure) [14] . Only cases with suitable matching control subjects were included in the study. The cutoff of 60 years of age was chosen as this age represents the United Nations standard criterion for older population. Follow-up of both cases and controls was performed with a telephone survey, which included questions about postoperative weight 12 and 24 months after the procedure. Telephone surveys are less expensive and timeconsuming for both interviewers and interviewees, with similar or even higher response rates than face-to-face interviews. Remission of comorbidities, occurrence of heartburn sensation, and compliance characterized as dietary treatment, regular physical effort, and psychological professional help use were another questions asked. The outcomes of interest were mortality, 30-day readmission, 30-day reoperation, operation length, length of hospital stay (LOS), weight loss, and comorbidity improvement. We selected diabetes mellitus and hypertension to follow because those comorbidities were the most prevalent components of the metabolic syndrome in our material. Diabetes improvement was defined as absence or reduction of antidiabetic drugs or insulin use. Hypertension improvement was defined as normal blood pressure values (≤ 140/90 mmHg) and absence or reduction of antihypertensive drug use. Weight loss was presented as the percentage of excess BMI loss (%EBMIL) and the change in BMI (ΔBMI).
Bias
Data was collected with a telephone survey performed by single investigator-thus, there is a risk of recall bias. To minimize selection bias, a large number of cases of primary LSG (867) were analyzed. As there are over 800 LSGs performed yearly in Poland according to the national reports [15, 16] , our data is representative. All patients underwent the same procedure according to a standard surgical technique of LSG, what eliminates referral bias. Study size was determined by the number of patients aged 60 years or above matched with controls.
Statistical Methods
Analysis was performed using SAS® software, University Edition (SAS Institute Inc., Cary, NC, USA). The paired t test or Wilcoxon signed rank test was used to analyze continuous outcomes. Dichotomous outcomes were analyzed using McNemar's test or Fisher's exact test. Breslow and Day description was used to analyze matched (dependent) and unmatched (independent) data. [17] .
Results
Baseline Characteristic
A total of 856 patients underwent laparoscopic sleeve gastrectomy from January 2013 to March 2017. Fifty-seven patients were identified as cases and were matched with controls. There were no patients who refused to answer questions or participate in the study. However, in case of 23 pairs, we failed to contact at least one patient due to invalid phone numbers or out of date information ( Fig. 1) . Out of remaining 34 pairs, the mean age was 63.3 years (range: 60-68) in the study group and 30.9 years (range: 24-39) in the control group. The mean preoperative BMI was 46.8 kg/m 3 (± 6.6) in the elderly group and 46.7 kg/ m 3 (± 6.8) in the control group (p = 0.202). Fifty-three percent patients were female and 47% were male in the study group with 50% and 50% accordingly in the control group. Demographic characteristics are summarized in Table 1 .
Surgical Safety
There were no significant differences in the median operation length between the elderly (82.1 ± 28.0 min) and younger patients (77.2 ± 25.7 min, p = 0.687). No conversion from laparoscopic to open surgery was needed in either group. The postoperative hospital length of stay (LOS) was significantly longer in the study group (4.5 ± 1.9 days) than in the control group (3.9 ± 1.5 days, p = 0.047). The complication rate was comparable in both groups. Two cases of bleeding and one case of rhabdomyolysis occurred in the elderly group compared to one case of bleeding and one case of rhabdomyolysis in the control group. Reoperation was necessary in all cases of postoperative bleeding. Therefore, the 30-day reoperation rate was 5.9% in the study group versus 2.9% in the control group (p = 0.564). There were no 30-day readmissions nor 30-day mortality. However, one patient out of the study group, who had experienced rhabdomyolysis, died within 90 days after the surgery due to respiratory failure (Table 2) .
Weight Loss
The mean postoperative BMI 12 months after surgery was significantly higher in the study group (36.38 kg/m 3 ± 7.07 vs 33.10 kg/m 3 ± 5.65, p = 0.004). ΔBMI after 12 months was significantly lower in the study group (13.56 ± 6.05 vs 10. Table 3 ).
Comorbidity Improvement
There was no significant difference observed in the course of type 2 diabetes nor hypertension between the groups. However, a trend toward higher rate of diabetes improvement was observed in the study group (29.4% vs 17.7%, p = 0.127) at 12 months. A rate of hypertension improvement was comparable in both groups (64.7% vs 64.7%, p = 0.346) ( Table 4) .
Discussion
With the increasing prevalence of obesity and longer life expectancy, the rate of elderly population qualifying to bariatric treatment is rising [18, 19] . The efficacy of bariatric surgery, considering improvement in the comorbidity course, daily functioning and quality of life has already been established. [20] [21] [22] [23] Despite benefits of bariatric surgery, there are serious concerns about the perioperative safety of the elderly population, who may have a higher anesthesia-related perioperative risk, also influenced by a higher prevalence of comorbidities. [6] Preliminary data on bariatric surgery in elderly patients reveal controversial results. A study by Livingston et al. [24] (n = 25,428) from 2006 suggested that bariatric surgery in older patients was associated with more postoperative complications. The authors recommended limiting bariatric surgery to patients younger than 65 years old. Similarly, Gebhart et al. [18] presented a significantly lower rate of inhospital mortality in patients aged between 18 and 60 years old compared to above 60 years old (0.05 vs. 0.11%). Reduction in perioperative morbidity associated with laparoscopic minimally invasive approach [25] as well as improved long-term outcomes have led to the increasing popularity of the bariatric surgery [23] .
Our study showed comparable rate of complications both in elderly and younger groups of patients. We observed neither cases of 30-day readmission nor 30-day mortality. Our results correspond to those by Navarrete et al. [19] . In the retrospective analysis of 206 cases, the complication rate was similar to our research and no mortality was observed However, the interpretation of the results regarding mortality should be cautious. Most authors reported 30-day mortality or did not state the period of observation. In our study, the mortality reported within 30-day observation period was non-existent; however, one elder patient died after the analysis period of 30. This patient was diagnosed with postoperative rhabdomyolysis. We suggest that in the future, the minimal mortality observation period should be minimum 90 days, which will be essential to enclose the fatal cases subsequent to the perioperative complications.
In our study, the elderly cohort experienced lower weight loss compared with the control group. There are few publications investigating the relationship between age and weight loss outcomes. Pequignot et al. [7] recently demonstrated the safety and efficacy of sleeve gastrectomy for patients aged above 60 years. In their study, 84 patients aged > 60 years old were matched with 42 patients aged less than 60 years old. The mean %EWL was significantly lower in the elderly group after 12 months (56.2% versus 71.4%, P < .01) and 24 months (51.8% versus 73.5%, P < .01). Similar results were presented by Navarrete et al., [19] with the elderly cohort having experienced lower weight loss compared with the younger group after a 3-year follow-up.
One of the important issues analyzed in our study was the rate of improvement of the obesity-related comorbidities comparable between both groups. We focus on diabetes mellitus and hypertension. Those conditions are the most prevalent components of the metabolic syndrome in bariatric population and have potentially severe medical and socioeconomic effects on everyday life.
Our findings are in correlation with the studies by Peter et al. [26] from 2005 and Dunkle-Blatter et al. [27] from 2006, who showed greater weight loss in younger patients, but a greater reduction in medication use in older patients, with similar complication rate and mortality in both groups. A report by Leivonen et al. [28] showed that comorbidity remission rate after 12 months was similar in older and younger patients. Positive influence of bariatric surgery on the course of the comorbidities seems not to be affected by age and comorbidity improvement should be considered as the major benefit from bariatric surgery for the elderly patients.
The present study has several limitations related to its retrospective analysis and small study group. Most significantly, the limited sample size reduces the accuracy of assessment of the complication rate and comorbidity course after the surgery. Another limitation of the study is the risk of selection bias due to inability to contact each patient who underwent LSG. Additionally, the follow-up survey was performed with a telephone questionnaire, therefore may be affected by recall bias. Another limitation is a high rate of lost to follow-up, which resulted from the lack of possibility to contact patients due to invalid phone numbers recorded in the patients' charts or out of date information.
The safety of LSG was the most important subject of our analysis. As shown in the study, 30-day mortality may not be sufficient and extension of the observation period should be recommended in the future studies. Unfortunately, the information on the obesity-related comorbidities other than diabetes and hypertension (e.g., dyslipidemia and reflux disorder) was not available from our database. Additionally, the data on some underappreciated issues in older adults (e.g., changes in quality of life and functional capacity) was incomplete.
Conclusion
Our study suggests that laparoscopic sleeve gastrectomy is a safe and effective method of bariatric treatment in patients aged above 60 years. The complication and morbidity rate is comparable between elderly and younger patients. Meticulous preoperative examination and comprehensive medical evaluation allow to provide an optimal outcome. Even though weight loss may be lesser than in younger patients, it can still be considered satisfactory.
The short-term follow-up showed similar improvement in comorbidities. Therefore, age might not be considered as a single 
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